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Description 

1. Field of Invention 

[0001] The invention relates generally to a surface 
acoustic wave filter and more particularly to a broad- 
band unidirectional SAW device having a tapered trans- 
ducer for achieving improved wide band triple transit 
suppression and reduced insertion loss. 



2. Background Art 

[0002] The use of surface acoustic wave (SAW) de- 
vices as filters or resonators is well known for having the 
advantages of high Q, low series resistance, small size 
and good frequency temperature stability when com- 
pared to other frequency control methods such as LC 
circuits, coaxial delay lines, or metal cavity resonators. 
As described in U.S. Patent 4,600,905 to Fredricksen, 
typically, a SAW device contains a substrate of piezoe- 
lectric material such as quartz, lithium niobate, or zinc 
oxide. Input and output transducers are formed upon the 
substrate. The transducers convert input electrical sig- 
nals to surface acoustic waves propagating upon the 
surface of the substrate and then reconvert the acoustic 
energy to an electric output signal. The input and output 
transducers are configured as interdigital electrode fin- 
gers which extend from pairs of transducer pads. Inter- 
digital transducers may be formed by depositing and 
patterning a thin film of electrically conductive material 
upon the piezoelectric substrate. 
[0003] Alternating electrical potential coupled to the 
input interdigital transducer induces mechanical stress- 
es in the substrate . The resulting strains propagate 
away from the input transducer along the surface of the 
substrate in the form of surface acoustic waves. These 
propagating surface waves arrive at the output interdig- 
ital transducer where they are converted to electrical 
signals. 

[0004] The basic tapered transducer has been report- 
ed in the literature and in particular in an article by P.M. 
Naraine and C.K. Campbell titled "Wideband Linear 
Phase SAW Filters Using Apodized Slanted Finger 
Transducers", for Proceedings of IEEE Ultrasonics 
Symposium, Oct. '83, pp 113-116. Naraine et al. dis- 
cusses wide band linear phase SAW filters using apo- 
dized slanted or tapered finger transducers. In earlier 
publications, tapered finger transducer geometries have 
all the transducer fingers positioned along lines which 
emanate from a single focal point. A performance im- 
provement was shown in U.S. Patent Nos. 4,635,008 
and 4,08,542 to Solie, the inventor of the present inven- 
tion, by using hyperbolically tapered electrodes. 
[0005] In Solie '008 a dispersive SAW filter comprises 
hyperbolically tapered input and output transducers 
which are aligned such that normals from the transduc- 
ers to a dispersive reflective array are aligned at sub- 
stantially the same angle. The dispersive reflective array 



includes a multiplicity of parallel conductive strips or 
grooves formed in the device substrate on which the 
transducer rests. Constant spacing between the trans- 
ducer fingers causes a relatively narrow band of fre- 
5 quencies to be generated by the input transducer and 
received by the output transducer. In Solie ' 542, seeking 
a reduction in the resistive loss associated with the long 
narrow electrodes in wide acoustic aperture devices, a 
hyperbolically tapered transducer is provided with fin- 
10 gers having configuration paths which are subdivided 
into patterns that segment the acoustic beam width. Fur- 
ther disclosed is a means of transforming the imped- 
ance and thus reducing the insertion loss by a division 
of the SAW transducer structure into a plurality of sub- 
15 transducers. 

[0006] The use of tapered finger geometries on both 
input and output transducers permits the transduction 
of a wide range of surface acoustic wavelengths from 
input to output transducer, and thus provides an electri- 
20 cal filter with a wide frequency passband . Typically, high 
frequency components are transduced in the regions of 
the transducer where the finger-to-finger distance is the 
least. Low frequency components are transduced in the 
regions of the transducer where the finger-to-finger dis- 
25 tance is the greatest. At any given frequency, a surface 
wave may be transmitted or received in a limited portion 
of the total acoustic aperture and the width of this active 
portion is called the "effective aperture" of the SAW 
beam. 

30 [0007] The Naraine article states that for filters em- 
ploying tapered finger transducer geometries, where the 
electrodes or fingers are straight line segments emanat- 
ing from a single point, there is an inherent negative 
slope of the amplitude response with increasing fre- 
35 quency, as large as 5 dB for a 50% bandwidth case re- 
ported in the IEEE article. Naraine's article describes a 
method of flattening the amplitude response curve of a 
tapered finger filter by utilizing finger apodization. Apo- 
dization is a technique in which the length of individual 
40 transducer fingers is selectively adjusted so that the 
overlap between fingers of opposite polarities changes 
along the path traveled by the surface acoustic wave. 
The effect of the Naraine apodization technique is to 
achieve a flat passband by reducing the coupling of low 
45 frequency components, thus reducing the amplitude of 
the low frequency portion of the amplitude response 
curve. As addressed by Fredricksen '905, the overall 
performance of a tapered finger SAW filter would be en- 
hanced if the amplitude of the high frequency portion of 
50 the response curve were increased rather than lowering 
the low frequency portion. The result would be an am- 
plitude response curve with the desired flat plateau and 
a greater overall amplitude. 

[0008] A SAW Single Phase Unidirectional Transduc- 
55 er (SPUDT) device comprises a SAW filter whose trans- 
ducer electrode or finger geometries are such that the 
generated mechanical-electrical reflections tend to can- 
cel out the regenerated surface waves of the SAW de- 
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vice. Single phase unidirectional transducers (SPUDT), 
also referred to as SPUDT transducers, have been used 
for decreasing triple transit ripple and insertion loss. By 
virtue of their construction, SPUDT based single SAW 
filters are inherently narrow-band devices with filter frac- 5 
tional bandwidths normally in the range less than 5%. 
Some have been designed for 1 0% bandwidth operation 
with some trade-off in insertion loss as described in an 
article by C.B. Saw and C.K. Campbell, titled "Improved 
Design of SPUDT For SAW Filters" in IEEE Proceedings w 
at 1987 Ultrasonics Symposium, Denver Colorado, No- 
vember 1987. 

[0009] U.S. Patent No. 4,162,465 to Hunsinger et al, 
a SAW device with reflection suppression employs se- 
lected transducer geometries, such as unbalanced du- *s 
al-finger geometries, to generate mechanical electrical 
loaded reflections (MEL) which tended to cancel reflect- 
ed waves inherently generated by the electrical interac- 
tion between the transducer and the load. Each of the 
comb electrodes of the input and output transducers has 20 
a plurality of interdigitated electrode fingers. The width 
of at least some of the adjacent fingers and finger pairs 
of the electrodes are different and are selected as a 
function of the impedance of the load and/or the source 
to produce the mechanical electrical loaded reflections 25 
generated at the transducer in the substrate. As pointed 
out in the Hunsinger '465 patent, an unfortunate limita- 
tion of conventional SAW transducers is the fact that 
when they are made to operate with relatively low loss- 
es, there is an inherent reflection emitted from the trans- 30 
ducer referred to as a regeneration wave. This regener- 
ation wave is a consequence of the extraction of acous- 
tic surface wave energy and conversion of this energy 
to electrical signals. It can not be directly eliminated 
since it is inherent in the operation of the transducer. 35 
The reflection causes spurious signals which are detri- 
mental to most signal processing operations of the SAW 
device. When a wave is reflected from a receiver trans- 
ducer, it travels back toward the transducer from which 
it was originally transmitted and is again reflected from 40 
that transducer back toward the receiver transducer. 
The result is triple transit reflections due to the three 
traversals by the twice reflected signal, a highly unde- 
sirable result. Hunsinger '465 discloses a transducer 
having unbalanced dual finger geometries for creating 45 
the mechanical electrical reflections to cancel the un- 
wanted inherent regeneration wave reflections. 
[0010] It is well known terminology in the art and SAW 
literature to refer to an electrode structure having two 
electrodes or fingers per wavelength as "solid elec- so 
trodes." In like manner, an electrode structure with four 
electrodes per wavelength, where a first and second 
electrode are connected and a third and fourth electrode 
are connected, is referred to as having "split electrodes" 
or a split electrode pair because each solid electrode 55 
has been split into two electrodes. With split electrodes, 
it is assumed that all electrodes have the same width. If 
one electrode of a split pair is wider than the other, the 
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electrode configurations will be referred to herein as 
"unbalanced split electrodes". Split electrodes are bidi- 
rectional. Unbalanced split electrodes may be unidirec- 
tional (e.g. SPUDT) if the SPUDT reflective conditions 
are satisfied. 

[0011] In considering the typical single phase unidi- 
rectional transducer, SPUDT techniques for decreasing 
triple-transit ripple and for decreasing insertion loss as 
described in Hunsinger '465, reflecting electrodes are 
interlaced with the transduction electrodes of a trans- 
ducer so that within the transducer, both the transduc- 
tion (generating or detecting a SAW) and reflection of 
the SAW are controlled both in amplitude and phase 
within each wavelength of the transducer. A transducer 
that can launch or detect a SAW will in general always 
reflect a portion of the wave due to the interaction of the 
SAW transducer with the electrical load. This reflection, 
which is load dependent, is called the regeneration re- 
flection. There is an additional reflection from a trans- 
ducer which is independent of the load and thus deter- 
mined by the array of electrodes, which is called elec- 
trode reflection. This can be electrical in nature (due to 
the fact that electrodes will locally short the potential at 
the surface) and mechanical in nature (due to the me- 
chanical discontinuities introduced by the finite dimen- 
sions (width and height), mass density and stiffness of 
electrode material). There may even be etched grooves 
integrated into the electrode structure which are includ- 
ed as part of the mechanical reflections. As described 
in Hunsinger '465, the operation of a SPUDT requires 
that the regeneration reflections be canceled in magni- 
tude and phase by the mechanical reflections over the 
band width of operation of the transducer. It has been 
shown that for a conventional non-tapered transducer, 
this can be accomplished if the reflection-weighting 
function is equal to the auto-convolution of the impulse 
response of the transduction function, time compressed 
by a factor of one-half, at least in the weak to moderately 
high coupling case. In narrow bandwidth transducers 
(band widths of a few percent or less), the length of the 
transducer will be in the tens or hundreds of wavelength 
or more; and therefore, the desired reflection function 
(auto convolution of the transduction function) will be of 
comparable length (keeping in mind the length com- 
pression by one-half). This means that there will be tens 
of wavelengths of reflection within the transducer to 
achieve the desired magnitude of reflection. 
[0012] For wider bandwidths of SPUDT, this process 
breaks down because the active length of the reflection 
(as defined by the compressed auto convolution func- 
tion) becomes shorter so that the desired reflectivity per 
wavelength becomes unattainable. Reflectivities per 
electrode in the order of 1 % or so are readily achievable, 
but at 5%-1 0% it becomes impossible or extremely im- 
practical due to bulk mode scattering loss and fabrica- 
tion processing constraints. 
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SUMMARY OF INVENTION 

[0013] A tapered surface acoustic wave SPUDT 
transducer useful in providing an improved insertion 
loss and triple transit suppression signal for a wideband 5 
SAW filter comprises a pair of interdigitized opposing 
electrodes each having a plurality of interdigitized fin- 
gers. Within each acoustic wavelength the widths of the 
electrodes and/or the gaps between electrodes are not 
all equal. This is a consequence of satisfying the con- 10 
ventional SPUDT reflection requirements. The interdig- 
itized electrode fingers of opposing electrodes in the 
transducer have a tapered alignment wherein a period 
of electrode finger portions along a longitudinal axis of 
acoustic wave propagation decreases along a trans- 15 
verse length of the fingers. Means are provided for ap- 
plying an electrical load and/or source across the pair 
of electrode bus bars of each transducer. 
[0014] In one embodiment, the transducer has spac- 
ing between the electrode fingers along an axis of sur- 20 
face acoustic wave propagation which provides two 
pairs of unbalanced split electrodes within a spacing 
length equal to a center frequency acoustic wave wave- 
length for a device having the transducer, herein re- 
ferred to as a "four electrode per wavelength" transduc- 25 
er. In an alternate embodiment, the transducer has three 
electrodes per acoustic wavelength wherein the elec- 
trode widths and gaps between electrodes vary in such 
a manner so as to satisfy the SPUDT transduction and 
reflection conditions. This embodiment is herein re- 30 
ferred to as a "three electrode per wavelength" trans- 
ducer. 

[001 5] It is an object of the present invention to pro- 
vide a transducer for use in wide band SAW devices 
which provides an improved performance over conven- 35 
tional wide band filters as measured by reduced inser- 
tion loss and enhanced triple transit suppression signal. 
It is another object of the present invention to provide a 
means for implementing coarse and fine weighting con- 
trol of the transducer for which a weighting function for *o 
the transduction in a longitudinal direction (i.e. direction 
of SAW propagation) is substantially the same for any 
channel of the acoustic beam. It is yet another object to 
provide a simple method for controlling reflection 
strength for each wavelength so that both the reflection 45 
and the transduction can be specified independently 
within each wavelength of the transducer. 
[0016] The invention is as set out in the claims. 

BRIEF DESCRIPTION OF DRAWINGS 50 

[0017] A preferred embodiment of the invention as 
well as alternate embodiments are described by way of 
example with reference to the accompanying drawings 
in which: 55 

FIG. 1 is a plan view of a surface acoustic wave de- 
vice employing an embodiment of a tapered SPUDT 



transducer, wherein transducer fingers follow a 
generally linear pattern in accordance with the 
present invention; 

FIG. 1 A is a plan view of a surface acoustic wave 
device in an alternate embodiment of FIG. 1 , where- 
in transducer fingers follow a generally hyperbolic 
curve pattern; 

FIG. 2 is a frequency response for a conventional 
non-tapered SAW SPUDT filter having a 3 dB band- 
width of approximately 14.5 MHZ; 
FIG. 3 is a time response for the conventional filter 
of FIG. 2; 

FIG. 4 is a frequency response for a tapered SPUDT 
SAW device of the present invention having a band- 
width and center frequency similar to the conven- 
tional device having the responses of FIGS. 2 and 3; 
FIG. 5 is a time response for the tapered SPUDT 
SAW device of FIG. 4; 

FIG. 6 is a partial plan view of a typical tapered 
transducer SAW device; 

FIG. 6A is an enlarged plan view of a portion of a 
non-tapered SPUDT having a geometry useful in 
the tapered transducer of FIG. 6; 
FIG. 7 is a partial plan view of a tapered transducer 
illustrating tapered finger elements, by way of ex- 
ample, following radial lines emanating from a com- 
mon focal point; 

FIG. 8 is a partial plan view of a non-tapered trans- 
ducer of an alternate SPUDT embodiment of the 
present invention illustrating a three electrode per 
wavelength geometry; 

FIG. 9 is a plan view of a transducer illustrating a 
tapered three electrode per wavelength transducer 
geometry of an embodiment of the present inven- 
tion; and 

FIG. 10 is a plan view of a transducer illustrating a 
tapered unbalanced split electrode geometry of an 
alternate embodiment of the present invention. 
FIG. 11 is a partial plan view of a transducer of the 
present invention illustrating a subtransducer struc- 
ture for series-block weighting a transducer; 
FIG. 1 2 is a schematic diagram illustrating an equiv- 
alent electrical circuit for the subtransducer geom- 
etry of FIG. 11; 

FIG. 13 is a partial plan view of a transducer having 
subtransducers implemented to provide series- 
block weighting in combination with live width 
weighting; 

FIG. 1 4 is a schematic diagram illustrating an equiv- 
alent electrical circuit for the transducer structure of 
FIG. 13; 

FIG. 15 is a plot illustrating a tap weight function 
approximation to a Hamming function; and 
FIG. 16 is a plot illustrating a weighting function re- 
sulting from the combination of series-block weight- 
ing and line-width weighting. 
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DETAIL DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0018] A preferred embodiment of the present inven- 
tion, a tapered SPUDT SAW filter device 1 0 is illustrated 5 
with reference to FIGS. 1 and 1 A. The device 10 com- 
prises input and output transducers 12, 14 with oppos- 
ing bus bars 16, 18 each having a plurality of interdigi- 
tized, continuously tapered electrode fingers 20 config- 
ured in finger pairs 22 with each pair 22 having a finger 
of narrow width 24 adjacent to a finger with a larger or 
wider width 26, by way of example in the embodiment 
illustrated. The finger widths 24, 26 are selected as a 
function of the impedance of a load 28 or source 30 so 
as to produce mechanical electrical loaded reflections 
in a substrate 32 upon which the transducers 12, 14 are 
placed. 

[0019] Providing an unbalanced split electrode or fin- 
gergeometry is known in narrow bandwidth SAW filters 
to successfully cancel reflected waves inherently gen- 
erated by SAW devices. Such reflected waves lead to 
triple transit interference. Tapering the electrode fingers 
in wide bandwidth SAW devices is known to permit the 
transduction of a wide range of surface acoustic wave- 
lengths. The combination as described herein has the 
unexpected result of significantly reducing insertion loss 
and enhancing triple transit suppression, both very 
much desirable in wide bandwidth SAW filter devices. 
[0020] By way of example, and with reference to the 
frequency and time response curves of FIGS. 2 - 5, a 
comparison between a conventional non-tapered 70 
MHZ SPUDT filter with a 3 dB bandwidth of approxi- 
mately 14.5 MHZ and a tapered SPUDT of the present 
invention having similar bandwidth and center frequen- 
cy is made. As illustrated with reference to FIG. 2, an 
insertion loss 30 of the conventional filter is estimated 
at approximately 14 dB as measured from an amplitude 
frequency response 33. The triple transit spurious signal 
34 is suppressed approximately 34 dB below the main 
signal 35 as illustrated with reference to FIG. 3 for an 
amplitude time response 36. The tapered SPUDT filter 
with similar bandwidth and center frequency exhibits an 
insertion loss 38 of about 12 dB and a triple transit sup- 
pression signal 40 greater than 42 dB as illustrated in 
the amplitude frequency response 42 and amplitude 
time response 44 respectively in FIGS. 4 and 5. A 2 dB 
improvement in the insertion loss (38 v. 30) along with 
greater than 8 dB improvement in the triple transit signal 
(40 v. 34) clearly demonstrates superior performance of 
the tapered SPUDT filter of the present invention over 
that of the conventional SPUDT filter. 
[0021] To further detail the features of the present in- 
vention, consider a typical tapered transducer SAW filter 
device 50 illustrated with reference to FIG. 6. Tapered 
transducers are typically used in pairs, input transducer 
54 and output transducer 56 in linear phase filter appli- 
cations, each transducer having opposing bus bars 52, 
53. Surface wave propagation, again with reference to 



FIG. 6, is from left to right as shown by the arrow 58. 
The transverse dimension 60 is here defined as the X 
direction, and it can be seen that the period of the elec- 
trodes or fingers 62 (which defines the wavelength) be- 
comes smaller as X increases. Consequently, the fre- 
quency increases with X. As illustrated with reference 
to FIG 7, and as described earlier with reference to Fre- 
dricksen '905, transducer tapered fingers 62 in one em- 
bodiment have the fingers 62 tapered along lines 64 
which emanate from a single focal point 66 as is the em- 
bodiment of FIG. 1 . In an alternate embodiment, the ta- 
pered fingers 20 follow hyperbolically curved lines 65, 
as illustrated with reference to FIG. 1A. The high fre- 
quencies are detected in the upper portion 68 of the saw 
aperture, and the lower frequencies in the lower portion 
70 of the SAW aperture. As illustrated by way of example 
in FIG. 6, there are two electrodes per wavelength 
which, as earlier described, are typically solid elec- 
trodes. A variety of electrode structures may be used. 
A major constraint imposed on this structure is that, ex- 
cept for taper, every horizontal spacial interval or chan- 
nel 72 of the transducers 52 should be essentially the 
same as all other slices 52. In other words, all frequen- 
cies within the range of the device, though shifted up or 
down as the transducer 52 operates, will be excited (or 
detected) by the same electrode structure. 
[0022] In the device 50 illustrated, apodization is not 
appropriate as a means of tap weighting. Other re- 
searchers have chosen to use apodization, with the re- 
sult that the time response at different frequencies within 
the pass band is not the same. 

[0023] For modeling purposes, and for filter synthesis 
purposes, we have chosen to impose the constraint that 
all slices 72 horizontal through a transducer must be the 
same except for a scale factor which results from the 
taper. Each horizontal slice or channel 72 as illustrated 
in FIG. 6 has a width AX which is sufficiently narrow so 
that the taper can be ignored. By way of example, and 
as illustrated with reference to FIG. 6A, the spacing 63 
between fingers 62 and the width 65 of the fingers 62 
are dimensioned as fractional portions of a center fre- 
quency wavelength X as described in the Hunsinger '465 
along any AX. In the analysis of the present invention, 
the taper can be ignored for that AX or channel 72. As 
described in U.S. Patent No. 5,075,652 to Sugai, when 
the tapered electrode fingers 62 are divided into several 
channels parallel to the propagation direction 58, they 
can be considered as normal (i.e., non-tapered) type fin- 
gers. Thus the frequency response from the narrow slice 
72 is that of a pair of unweighted transducers with 13 
dB side lobes each, or 26 dB for the pair if they are iden- 
tical. The response of any other channel 72 of width AX 
is the same but shifted up or down in frequency, depend- 
ing upon its position in X along the transverse dimension 
60. The response of the entire filter 50 is the summation 
of all slices 72 that make up the aperture transverse di- 
mension 60. 

[0024] In the frequency domain, the response of a sin- 
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gle channel is smeared over the frequency range from 
the lowest to the highest frequencies in the tapered elec- 
trodes. This produces a generally flat bandpass. If it is 
not sufficiently flat, it can be easily corrected to become 
flat by varying the rate of taper in the X direction. That s 
can be understood by noting that, at any frequency (F') t 
if the rate of taper (the slope of the lines 64 is reduced, 
with the result that the effective aperture at frequency F' 
is wider; and so the signal strength at F j is increased. 
Therefore, by selectively controlling the rate of taper in 
the transducer 52, one can control the pass-band 
shape. In other words, one can vary the pass-band 
shape, adding a dip or hump or any desired pass-band 
amplitude compensation that is relatively slowly varying. 
The side lobes in the total response also result from 
smearing the side lobes of the narrow channel 72 or AX. 
By way of example, if the side lobes of a narrow channel 
are 26 dB, the resulting tapered filter will have side lobes 
which are of the order of 26 dB. 
[0025] The present invention combines SPUDT tech- 
nology of narrow bandpass devices as earlier described 
with that of tapered wide band transducer technology. 
The problems associated with SAW devices requiring 
the use of wide bandwidths is resolved by the present 
invention which comprises SPUDT transducer ge- 
ometries having tapered electrodes. At each frequency, 
the active portion of the transducer may be tens or hun- 
dreds of wavelengths long. Therefore, there is sufficient 
length in which to integrate the reflecting electrode 
structures with the transduction process and achieve 
the desired or necessary reflectivity. The bandwidth is 
achieved by tapering the electrodes over the desired fre- 
quency range. For a single channel 72 of the tapered 
filter 1 0, the bandwidth is generally a few percent or less 
and the time impulse response generally has a simple 
response, like Hamming, in which there are no time 
phase side lobes. The auto convolution of this simple 
response is easy to implement within a narrow channel 
of the tapered transducer, and likewise for all other 
channels as it is continuously tapered. The time impulse 
response of the complete tapered transducer will be 
quite different as earlier described with reference to 
FIGS. 2 -5. It will have many time side lobes (the actual 
number depends upon the filter shape factor). The main 
lobe which accounts for most of the energy is only a frac- 
tion of the length of a single narrow channel. Since the 
reflection is canceled on a slice-by-slice, channel-by- 
channel or frequency-by-frequency basis, there is no 
need in a tapered transducer to confine the length of the 
reflectivity to such a narrow time response. Thus, the 
S PU DT conditions, typically limited to narrow bandwidth 
conditions, can be met over any relative bandwidth with 
easily achievable reflectivities per tap. 
[0026] In addition to varying finger or electrode dimen- 
sions and combinations as described in the Hunsinger 
'465 patent and in the tapered SPUDT of the embodi- 
ment herein described, controlled tap weight strength 
and reflection strength is implemented on a tap by tap 



and finger-by-finger basis. In an alternate embodiment 
of the present invention, the tap weight strength and re- 
flection strength are controlled as illustrated, by way of 
example, with reference to FIG. 8 comprising a three- 
electrode per wavelength structure 80. The upper bus 
bar 82 is assumed to be hot in the following discussion 
and comprises an electrode or finger 84 having a width 
w 2 . Fingers 86, 88 adjacent finger 84 are grounded and 
respectively are of width w 1 and w 3 . The gaps 90, 92, 
94 following each electrode 86, 84, 88 are g 12 , g23« and 
931 • If w 2 = w-, = g 12 = a/8 and w 3 = A/4 and g 23 = g 31 = 
3/16 A, we have the structure disclosed by C.S. Hart- 
mann et al. in 1989 IEEE Ultrasonics Symposium, titled 
"Overview of Design Challenges For Single Phase Uni- 
directional SAW Filters" and discussed in 1 990 IEEE Ul- 
trasonics Symposium paper titled "Matching of Single 
Phase Unidirectional SAW Transducers and a Demon- 
stration Using Low Loss EWC/SPUDT Filter," and 
known as the Electrode Width Compensation (EWC) 
SPUDT. The reflectivity and transduction strength of the 
structure 80 is to be varied. By way of example, the EWC 
has a fixed tap weight strength and a fixed relative re- 
flectivity of 2.0 (where the reflectivity from a single edge 
of an electrode is 1 .0). The generalized three electrode 
or fingers 84, 86, 88 per wavelength structure 80 shall 
be called 3E/X in these discussions. The transduction 
strength T is determined coarsely by setting the center 
finger 84 width w 2 . The approximate tap weight is then 
given by: 

T = 1 -(1-sin27tw 2 /A)C 

where C * VS. When w 2 / X = 1/4, T « 1 and as w 2 / X 
decreases to 1/16, T =.69. The remaining two-elec- 
trodes 86, 88 or more precisely, four-electrode edge po- 
sitions 96, 98, 100, 102 are varied to define a specified 
or use specific (required) reflectivity. The phase of the 
reflection of a tap is referenced to the center of trans- 
duction, or roughly to the center of the center electrode 
or second finger 84. Typically, the phase of the center 
finger 84 or second electrode is not changed, once se- 
lected, because its location or specifically width w 2 is 
specified by the transduction requirement. The com- 
bined reflection from all three electrodes or fingers 84, 
86, 88 must satisfy the conditions that the component 
of the reflectivity in phase with the regeneration (cen- 
tered roughly at electrode #2 84) must be of opposite 
sign or polarity as the regeneration reflection, and the 
component of the reflectivity in phase quadrature to the 
regeneration must be zero. The desired magnitude is 
specified by the filter design. These two conditions, plus 
the condition that no electrode or finger width or gap 
shall be smaller than some specified limit, are used to 
determine the edge of electrodes #1 86 and #3 88, illus- 
trated again with reference to FIG. 8. If necessary for a 
more accurate tap weight control, the actual transduc- 
tion strength of the tap can be calculated knowing the 
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locations of the nearest neighbors 86, 88 of electrode 
#2 84. The width w 2 of electrode #2 84 can be increased 
or decreased to set the tap weight more precisely, and 
the corresponding reflectivity can be realized more pre- 
cisely by adjusting the edge positions 96, 98, 100, 102 
of the other two electrodes 86, 88. This is an iterative 
process that converges very rapidly, and, in fact, for 
some applications one iteration is sufficient. The result 
is that for the 3EA structure 80, one can independently 
specify the transduction strength T and the reflectivity R 
for each tap. 

[0027] In an alternate embodiment of a tapered trans- 
ducer, the 3E/X structure 80, including line-width weight- 
ing, is incorporated as illustrated with reference to FIG. 
9 illustrating a transducer pattern which is replicated in 
a thin conductive film on the SAW device substrate. As 
illustrated with reference to FIG. 10, a tapered SPUDT 
following the earlier described unbalanced split elec- 
trode geometry 81 is presented. 
[0028] The frequency sidelobes of the narrow chan- 
nels determine the sidelobes in the tapered filter. What 
is needed is a method of weighting the taps, which is 
the same for all channels. In other words, weighting the 
electrodes within a given wavelength along the SAW 
path. Apodization does not meet the criteria. One tech- 
nique which has been suggested in the prior art is with- 
drawal weighting. This will work and is an improvement 
over no weighting, but it is rather coarse and produces 
frequency sidelobes which increase in magnitude far- 
ther from the main lobe. As a result, the selectivity will 
deteriorate for moderately to wideband filters as the 
mainlobe is smeared out to these increasing sidelobes. 
[0029] There are three types of weighting that are 
used individually and in combination to provide im- 
proved frequency selectivity. They are series-block 
weighting, line-width weighting, and capacitive weight- 
ing. Series-block weighting and line-width weighting are 
herein described for preferred alternate embodiments 
of the present invention. 

[0030] Series sub-transducers are described in the 
earlier references to Solie '008 and Solie '542 as a 
means of transforming the impedance of tapered trans- 
ducers using strings of series connected transducers 
(called subtransducers). Each subtransducer had the 
same number of electrodes, so the voltage is divided 
equally between the subtransducers, and the voltage at 
every tap is the same. Therefore, there is no tap weight- 
ing. The distinguishing feature of the present invention, 
as illustrated with reference to FIG. 11 , using, by way of 
example, a non-tapered transducer, is that the number 
of taps or wavelengths in each subtransducer is varied 
so that the voltage applied to a string of transducers is 
divided in such a manner as to weight the taps with re- 
spect to each other. The relative tap weight is propor- 
tional to the relative voltage applied to the tap. With ref- 
erence to FIG. 11, first note that the three subtranducers 
110, 112, 114 are acoustically cascaded (share the 
same acoustic track or device aperture 116) and are 



electrically in series. If the impedance is dominated by 
capacitance, which is generally the case, the imped- 
ance of each subtransducer is inversely proportional to 
the number of the taps within that subtransducer. An 

5 equivalent circuit of this string of subtransducers 110, 
112, 114 is illustrated with reference to FIG. 12, where 
capacitors 118, 120, 122, respectively, have values z 1t 
z 2 and z 3 . Again with reference to FIG. 1 1 , it can be seen 
that there are two taps in the first subtransducer 110, 

io five and one-half in the second 112, and three in the 
third 114 An index "n" is the number of taps or wave- 
lengths. There are two gaps per wavelength. If two ad- 
jacent fingers or electrodes are connected to the same 
bus bar, there is no voltage across that gap. Therefore, 

15 it is not counted as a gap for the purpose of counting 
taps per subtransducer. It follows, therefore that z 1 = Zq/ 
2, z 2 = Zq/5.5 and z 3 = Zq/3, where z 0 is a tap impedance 
specified over one wavelength. The outer bus bars 115 
are called major bus bars. By way of example, if we de- 

20 fine the voltage or tap weight across the major bus bars 
115 as 1.0, then the tap weights in the three subtrans- 
ducers 110, 112, 114 are: 



25 



30 



1/2 

*i = 1/2+1/5.5 + 1/3 = ,508 



1/5.5 

X 2 - 1/2 + 1/5.5 + 1/3 " ' 10D 



*3 " 1/2+ 1/5 3 5 + 1/3 " >338 



[0031] Assuming all the tap electrodes or fingers are 
identical, the taps within a substransducer all have the 

35 same weight and are a block of taps of the same 
strength. For a preferred embodiment, there are be sev- 
eral strings in a transducer and usually they are con- 
structed symmetrically about the center of a transducer. 
A string may consist of one subtransducer, in which case 

40 there is no voltage division and all taps in this string have 
a tap weight of unity. 

[0032] An advantage of block weighting is the uni- 
formity of weighting across the SAW aperture and that 
it can be achieved with a single layer metalization. The 

45 disadvantages are that the taps cannot be individually 
weighted, and the possible tap weight values are some- 
what limited (i) by the fact that the sum of the voltages 
across the subtransducers must be one, and (ii) by the 
constraints of setting the impedances by the number of 

so taps. Nonetheless, block weighting provides a useful 
technique for use in the present invention. 
[0033] A second technique used to weight the taps in- 
cludes varying the width of the electrodes, as earlier de- 
scribed. This is referred to as line-width weighting. With- 

55 in a line-width frequency range, as the electrode or fin- 
ger width 84, w 2 (refer to FIG. 8) (in the direction of SAW 
propagation) is increased, the tap weight or transduction 
strength of the tap is increased. This is valid for the 
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range where w/\ (finger width to wavelength) is < .4, and 
for most practical examples where w/\ < .25. The lower 
range of w/X is limited by the line width that can be fab- 
ricated both on the device and on the mask. For lower 
frequency devices, this range of w/X can be large 
enough to change the relative tap weight strength from 
1.0 down to around 0.5, whereas at higher frequencies 
the frequency range will be much more limited. In gen- 
eral, it can be said that the range can not significantly 
approach zero and can only decrease somewhat from 
unity (relative tap weight). This line-width weighting, 
however, is useful when combined with series-block 
weighting. Unlike line-width weighting techniques used 
in the past, limited because of limited tap weight range, 
when combined with series-block weighting, the achiev- 
able tap weight range is much broader. 
[0034] By way of example and with reference to FIG. 
13, the line-width weighting of a 3E/X structure 124 is 
used with series-block weighting to implement a Ham- 
ming .weigh ted function (which is a common weighting 
function for each channel of a tapered transducer). 
Again with reference to FIG. 13, consider the transducer 
124 (non-tapered for simplicity in the illustration herein) 
consisting of a set of taps (n,) or main subtransducer 
126 in the center that are directly connected to the pri- 
mary (hot and ground) bus bars 128, 129 and a string 
of three subtransducers connected in a series symmet- 
rically on each side 130L, 132L, 134L, 130R, 132R, 
134R of the main subtransducer 1 26. Electrically the cir- 
cuit 136 of the subtransducers (representing a transduc- 
er by a capacitor) is as shown in FIG. 1 4. The three sub- 
transducers (130L-134R) in series on each side of the 
center subtransducer 126 will divide the voltage be- 
tween them by normal voltage division. If the number of 
electrodes or fingers in the subtransducer is n 1( n 2 , n 3 
and n 4 , as illustrated with reference to FIG. 13, the rel- 
ative voltage across the center substransducer is 1.0 
(full strength), and on #2 is: 

1/n 2 

a 2 = 1/n 2 + 1/n 3 + 1/n 4 
and on transducers #3 and #4 is 
1/n 3 

a 3 = 1/n 2 + 1/n 3 + 1/n 4 
1/n 4 

a 4 " 1/n 2 + 1/n 3 + 1/n 4 

[0035] A plot 1 40 of the tap weight that can be realized 
by block weighting is illustrated with reference to FIG. 
1 5. This is an approximation to a Hamming function. Us- 
ing line-width weighting as herein described, we can re- 
duce the tap weight of each tap within a block or sub- 



transducer by a factor of m., where 1 > m n > 0.7 (the 
value of 0.7 is by way of example only). As a result, the 
combined series-block weighting and line-width weight- 
ing combination 142 is as illustrated with reference to 
5 FIG. 16. 

[0036] As can be seen, combined series-block and 
line-width weighting 142 provides an improved approx- 
imation to a desired tap weight function. As a result, fre- 
quency sidelobes will be correspondingly lower. The fre- 

10 quency response of the tapered transducer is derived 
from this non-tapered (narrow channel) response by 
"sliding" the non-tapered response over frequency 
channel by channel, as earlier described. A conse- 
quence of this process is that the better the selectivity 

15 of the narrow channel region, the better the selectivity 
of the tapered transducer. 

[0037] In a preferred embodiment of the present in- 
vention, a tapered SPUDT transducer is configured with 
four electrodes per wavelength, as illustrated with refer- 

20 -ence to FIGS. 1 and 1A, and improved further with se- 
ries-block weighting, as illustrated with reference to FIG. 
13. An alternate embodiment describes a tapered three 
electrode per wavelength geometry, as illustrated with 
reference to FIG. 8, which in turn is coarsely weighted 

25 using series-block weighting techniques as herein de- 
scribed and finely weighted using line-width weighting 
techniques in combination with the block weighting. 
[0038] While specific embodiments of the invention 
have been described in detail herein above, it is to be 

30 understood that various modifications may be made 
from the specific details described herein without de- 
parting from the scope of the invention as set forth in the 
appended claims. 



1. A transducer (12, 14) for a surface acoustic wave 
device (1 0) which includes an acoustic wave prop- 
40 agating substrate (32) upon which the transducer is 
adapted, the transducer comprising: 

a pair of opposing bus bars (1 6, 1 8) formed on 
a substrate, each bus bar having a plurality of 
45 interdigitized electrode fingers (22, 24, 26) ex- 

tending therefrom, the widths of and spacings 
between at least some electrode fingers being 
different and selected as a function of the im- 
pedance of a cooperating load and/or source to 
so produce mechanical electrical loaded reflected 

acoustic waves in the substrate for substantial- 
ly canceling regenerated acoustic waves gen- 
erated at the transducer, the interdigitized elec- 
trode fingers further having a tapered electrode 
55 finger alignment wherein a periodicity of elec- 

trode fingers changes along a direction gener- 
ally orthogonal to an acoustic wave axis of 
propagation through the transducer; and 
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3. 



4. 



means (28, 30) for applying an electrical load 
and/or source across the bus bars. 

A surface acoustic wave filter (10) device operable 
over a wide band of frequencies and adapted for 5 
coupling to a source and/or load (28, 30), the device 
comprising: 

an acoustic wave propagating substrate (32) 
having a surface acoustic wave axis of propa- *o 
gation; 

at least one surface acoustic wave transducer 
(12,14) having a pair of opposing bus bars ( 1 6, 
1 8) formed on said substrate, each bus bar hav- 
ing a plurality of interdigitized electrode fingers *5 
extending therefrom, the widths of and spac- 
ings between at least some electrode fingers 
being different and selected as a function of the 
impedance of a cooperating load and/or source 
to produce mechanical electrical loaded reflect- zo. 
ed acoustic waves in the substrate for substan- 
tially canceling regenerated acoustic waves 
generated at the transducer, the interdigitized 
electrode fingers further having a tapered fin- 
ger alignment wherein a periodicity of electrode 25 
fingers changes along a direction generally or- 
thogonal to the axis of propagation; and 
means (28, 30) for applying an electrical load 
and/or source across the bus bars. 



The transducer or device as recited in Claim 1 or 2, 
wherein the tapered electrode fingers for at least 
one bus bar comprise a plurality of electrode finger 
pairs with each of the plurality of electrode finger 
pairs having an electrodes finger of narrow width 
and an adjacent electrode finger of increased width, 
the electrode finger widths dimensioned as fraction- 
al portions of a center frequency acoustic wave- 
length for the device. 



The transducer or device as recited in Claim 1 or 2, 
wherein at least one bus bar has at least two adja- 
cent electrode fingers of different width extending 
therefrom within each acoustic wavelength along 
the propagation axis. 



electrode fingers are selected for independently 
providing desired reflection and transduction 
strengths for each tap within the transducer. 

8. The transducer or device as recited in Claim 4, 
wherein first and third electrode fingers have a width 
of substantially 1/16 an acoustic wavelength and 
second and fourth electrode fingers have a width of 
substantially 3/16 the wavelength, and adjacent 
electrode fingers are separated by a gap of sub- 
stantially 1/8 the wavelength. 

9. The transducer or device as recited in Claim 1 or 2, 
wherein the tapered fingers are generally aligned 
along radially extending line segments emanating 
from a common focal point for forming linearly ta- 
pered electrodes. 

10. The transducer or device as recited in Claim 1 or 2, 
. . wherein the tapered fingers are generally aligned 

along curved line segments for forming substantial- 
ly hyperbolically tapered electrodes. 

11 . The transducer or device as recited in Claim 1 or 2, 
wherein a rate of taper of the electrode fingers is 
selected for controlling a pass band shape and 
causing the SAW device to operate to within a de- 
sired frequency range. 



30 12. 
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40 



The transducer or device as recited In Claim 1 or 2, 13. 
wherein spacing of the electrode fingers along the 
axis of propagation provides four electrode fingers 
within a length dimension equal to its respective 
acoustic wavelength. 45 



The transducer or device as recited in Claim 1 or 2, 
wherein the at least one surface acoustic wave 
transducer comprises a plurality of sub-transducers, 
each of the plurality of subtransduceres having 
electrode fingers interdigitized with electrode fin- 
gers of opposing subtransducer bus bars, wherein 
a number of taps in each of the plurality of subtrans- 
ducers varies, the plurality of subtransducers elec- 
trically connected for providing series-block weight- 
ing of the tapered transducer. 

The transducer or device as recited in Claim 1 2, fur- 
ther comprising the plurality of subtransducers be- 
ing symmetrically positioned on each side of an in- 
terdigitized transducer finger set. 



1 4. The transducer or device as recited in Claim 1 2, fur- 
ther comprising a centralized set of transducer in- 
terdigitized electrode fingers and wherein the plu- 
rality of subtransducers are distributed on each side 
so of the transducer electrode finger set. 



The transducer or device as recited in Claim 1 or 2, 
wherein three electrode fingers are distributed over 
a spacing of an acoustic wavelength. 55 

The transducer or device as recited in Claim 6, 
wherein positions and widths of each of the three 



Patentanspruche 

1. Wandler (12, 14) fur eine akustische Oberflachen- 
wellenvorrichtung (1 0), die ein eine akustische Wel- 
le propagierendes Substrat (32), auf das der Wand- 
ler adaptiert ist, beinhaltet, wobei der Wandler auf- 
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weist: 



ein Paar sich gegenuberstehende Leitungs- 
schienen (16, 18), die auf einem Substrat an- 
geordnet sind, wobei jede Leitungsschiene ei- 5 
ne Vielzahl von sich hiervon ausstreckenden 
ineinandergreifenden Elektrodenfingern (22, 
24, 26) besitzt, wobei die Breiten mindestens 
einiger Elektrodenfinger und die Abstande zwi- 
schen mindestens einigen Elektrodenfingern 10 
unterschiediich sind und als eine Funktion der 3. 
Impedanz einer zusammenwirkenden Last 
und/oder Quelle ausgewahlt sind, urn mecha- 
nische reflektierle akustische Wellen mit elek- 
trischer Last in dem Substrat zu produzieren, 15 
um die regenerierten akustischen Wellen, die 
bei dem Wandler erzeugt wurden, im wesentli- 
chen auszuloschen, wobei die ineinandergrei- 
fenden Elektrodenfinger weiterhin eine sich 
verjungende bzw. keilformige Elektrodenfin- 20 
geranordnung haben, wobei eine regelmaGige 
Wiederkehr von Elektrodenfingern sich entlang 4. 
einer Richtung im wesentlichen orthogonal zu 
einer akustischen Wellenpropagationsachse 
entlang des Wandlers andert, und 25 

Einrichtungen (28, 30) fur das Anlegen einer 
elektrischen Last und/oder Quelle zwischen 5. 
den Leitungsschienen. 



Akustische Oberflachenwellenfiltervorrichtung 
(10), die uber ein weites Frequenzband betriebsfa- 
hig ist und dafur vorgesehen ist, mit einer Quelle 
und/oder Last (28, 30) gekoppelt zu werden, wobei 
die Vorrichtung aufweist: 

ein eine akustische Welle propagierendes Sub- 
strat (32) mit einer akustischen Oberflachen- 
wellen-Propagationsachse, 



30 



35 



40 



mindestens einen akustischen Oberflachen- 
wellenwandler (12, 14) mit einem Paar von ge- 
genuberstehenden Leitungsschienen (16, 18), 
die auf dem Substrat gebildet sind, wobei jede 
Leitungsschiene eine Vielzahl von ineinander- 45 8. 
greifenden Elektrodenfingern hat, die sich hier- 
von ausstrecken, wobei die Breite mindestens 
einiger Elektrodenfinger und die Abstande zwi- 
schen mindestens einigen Elektrodenfingern 
unterschiediich sind und als eine Funktion der so 
Impedanz einer zusammenwirkenden Last 
und/oder Quelle ausgewahlt sind, um mecha- 
nische, reflektierle akustische Wellen mit elek- 
trischer Last in dem Substrat zu erzeugen, um 9. 
regenerierte akustische Wellen, die an dem 55 
Wandler erzeugt wurden, im wesentlichen aus- 
zuloschen, wobei die ineinandergreifenden 
Elektrodenfinger weiterhin eine sich verjungen- 



de bzw. keilformige Fingeranordnung haben, 
worin eine Periodizitat bzw. Periodenlangen 
von Elektrodenfingern sich entlang einer im we- 
sentlichen zu der Propagationsachse orthogo- 
nalen Richtung andert, und 

Einrichtungen (28, 30) fur das Anlegen einer 
elektrischen Last und/oder Quelle zwischen 
den Leitungsschienen. 

Wandler Oder Vorrichtung nach Anspruch 1 Oder 2, 
wobei die sich verjungenden bzw. keilformigen 
Elektrodenfinger zumindest einer Leitungsschiene 
eine Mehrzahl von Elektrodenfingerpaaren aufwei- 
sen, wobei jedes der Vielzahl von Elektrodenfinger- 
paaren einen Elektrodenfinger von schmaler Breite 
und einen benachbarten Elektrodenfinger von er- 
hohter Breite hat, wobei die Elektrodenfingerbreiten 
als Bruchteil einer akustischen Hauptfrequenz-wel- 
lenlange der Vorrichtung dimensioniert-sind. 

Wandler oder Vorrichtung nach Anspruch 1 oder2, 
wobei der Abstand der Elektrodenfinger entlang der 
Propagationsachse innerhalb eines LangenmaRes, 
das gleich ihrer entsprechenden akustischen Wel- 
lenlange ist, vier Elektrodenfinger bereitstellt. 

Wandler oder Vorrichtung nach Anspruch 1 Oder 2, 
wobei mindestens eine Leitungsschiene innerhalb 
jeder akustischen Wellenlange entlang der Propa- 
gationsachse zumindest zwei benachbarte Elektro- 
denfinger unterschiedlicher Breite besitzt, die sich 
hiervon erstrecken. 

Wandler oder Vorrichtung nach Anspruch 1 oder 2, 
wobei drei Elektrodenfinger uber einen Zwischen- 
raum einer akustischen Wellenlange verteilt sind. 

Wandler oder Vorrichtung nach Anspruch 6, wobei 
Positionen und Breiten jeder der drei Elektrodenfin- 
ger ausgewahlt sind, um unabhangig gewunschte 
Reflektions- und Wandlerstarken fur jede Anzap- 
fung innerhalb des Wandlers bereitzustellen. 

Wandler oder Vorrichtung nach Anspruch 4, wobei 
der erste und dritte Elektrodenfinger eine Breite von 
im wesentlichen 1/1 6 einer akustischen Wellenlan- 
ge und der zweite und vierte Elektrodenfinger eine 
Breite von im wesentlichen 3/16 der Wellenlange 
besitzen, und benachbarte Elektrodenfinger durch 
eine Lucke von im wesentlichen 1/8 der Wellenlan- 
ge beabstandet sind. 

Wandler oder Vorrichtung nach Anspruch 1 oder 2, 
wobei die sich verjungenden bzw. keilformigen Fin- 
ger im wesentlichen entlang sich radial erstrecken- 
den Linienabschnitten angeordnet sind, die von ei- 
nem gemeinsamen Brennpunkt ausgehen, um line- 
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ar keilformige Elektroden zu bilden. 

10. Wandler Oder Vorrichtung nach Anspruch 1 oder 2, 
wobei die sich verjungenden bzw. keilformigen Fin- 
ger im wesentlichen entlang gekrummter Linienab- 
schnitte angeordnet sind, um im wesentlichen sich 
hyperbolisch verjungende Elektroden zu bilden. 

11. Wandler oder Vorrichtung nach Anspruch 1 oder 2, 
wobei eine Verjungungsrate der Elektrodenfinger 
ausgewahit wird, um eine BandpaBform zu steuern 
und das SAW-Gerat dazu zu bringen, innerhalb ei- 
nes gewunschten Frequenzbereichs zu funktionie- 
ren. 

12. Wandler oder Vorrichtung nach Anspruch 1 oder 2, 
wobei der mindestens eine akustische Oberfla- 
chenwellenwandler eine Mehrzahl von Unterwand- 
lern aufweist, wobei jeder der Vielzahl der Unter- 

" - wandlern Elektrodenfinger hat, die mit Elektroden- 
fingem von sich gegenuberstehenden Unterwand- 
lernleitungsschienen ineinandergreifen, wobei eine 
Anzahl von Anzapfungen in jeder der Vielzahl von 
Unterwandiern variiert, die Vielzahl von Unterwand- 
lern elektrisch verbunden sind, um eine Serien- 
blockgewichtung der sich verjungenden bzw. keil- 
formigen Wandler bereitzustellen. 

1 3. Wandler oder Vorrichtung nach Anspruch 1 2, wobei 
weiterhin die Vielzahl von Unterwandiern symme- 
trisch auf jeder Seite eines ineinandergreifenden 
Wandlerfingersatzes positioniert sind. 

14. Wandler oder Vorrichtung nach Anspruch 12, der 
weiterhin einen im Zentrum angeordneten Satz von 
ineinandergreifenden Wandlerelektrodenfingem 
aufweist und wobei die Vielzahl von Unterwandiern 
auf jeder Seite des Wandlerelektrodenfingersatzes 
angeordnet sind. 



Revendicatlons 

1. Transducteur (12, 14) pour un dispositif a ondes 
acoustiques de surface (1 0) qui comprend un subs- 
trat de propagation d'ondes acoustiques (32) sur le- 
quel est adapte le transducteur, le transducteur 
comprenant : 

une paire de barres bus opposees (1 6, 1 8) for- 
mees sur un substrat, chaque barre bus com- 
portant une pluralite de dents d'eiectrode inter- 
digitees (22, 24, 26) s'etendant a partir de celle- 
ci, les largeurs d'au mo ins certaines des dents 
d'eiectrode et les espacements entre celles-ci 
etant differents et selecttonnes en fonction de 
I'impedance d'une charge et/ou source coope- 
rante afin de produire des ondes acoustiques 



reflechies chargees mecaniques et electriques 
dans le substrat pour eliminer sensiblement les 
ondes acoustiques regenerees generees au ni- 
veau du transducteur, les dents d'eiectrode in- 

5 terdigitees ayant de plus un alignement de 

dents d'eiectrode effilees a I'interieur duquel 
une periodicite des dents d'eiectrode change le 
long d'une direction globalement orthogonale a 
un axe de propagation d'ondes acoustiques a 

10 travers le transducteur ; et 

des moyens (28, 30) pour appliquer une charge 
et/ou une source electrique entre les barres 
bus. 

15 2. Dispositif de filtre a ondes acoustiques de surface 
(10) pouvant fonctionner dans une large bande de 
frequences et adapte pour le couplage a une source 
et/ou une charge (28, 30), le dispositif comprenant : 

20 un substrat de propagation d'ondes acousti- 

ques (32) ayant un axe de propagation d'ondes 
acoustiques de surface ; 
au moins un transducteur d'ondes acoustiques 
de surface (12, 14) comportant une paire de 

25 barres bus opposees (1 6, 1 8) formees sur ledit 

substrat, chaque barre bus comportant une plu- 
ralite de dents d'eiectrode interdigitees s'eten- 
dant a partir de celle-ci, les largeurs d'au moins 
certaines des dents d'eiectrode et les espace- 

30 ments entre celles-ci etant differents et selec- 

tionnes en fonction de I'impedance d'une char- 
ge et/ou source cooperante afin de produire 
des ondes acoustiques reflechies chargees 
mecaniques et Electriques dans le substrat 

35 pour eliminer sensiblement les ondes acousti- 

ques regenerees generees au niveau du trans- 
ducteur, les dents d'eiectrode interdigitees 
ayant de plus un alignement de dents effilees 
dans lequel une periodicite de dents d'eiectro- 

40 de change le long d'une direction globalement 

orthogonale a I'axe de propagation ; et 
des moyens (28, 30) pour appliquer une charge 
et/ou une source electrique entre les barres 
bus. 

45 

3. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel les dents d'eiectrode effilees pour 
au moins une barre bus comprennent une pluralite 
de paires de dents d'eiectrode, chacune de la plu- 

50 ralite de paires de dents d'eiectrode ayant une dent 
d'eiectrode de largeur etroite et une dent d'eiectro- 
de adjacente de largeur accrue, les largeurs de 
dents d'eiectrode Etant dimensionnees sous la for- 
me de parties fraction n el les d'une longueur d'onde 

55 acoustique de frequence centrale pour le dispositif. 

4. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel I'espacement des dents d'electro- 
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de le long de I'axe de propagation procure quatre 
dents d'electrode a I'interieur d'une dimension de 
longueur egale a sa longueur d'onde acoustique 
respective. 

5. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel au moins une barre bus comporte 
au moins deux dents d'electrode adjacentes de lar- 
geur differente s'etendant a partir de celle-ci a I'in- 
terieur de chaque longueur d'onde acoustique le 
iong de i'axe de propagation. 

6. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel trois dents d'electrode sont distri- 
butes sur un espacement d'une longueur d'onde 
acoustique. 

7. Transducteur ou dispositif selon la revendication 6, 
dans lequel les positions et les largeurs de chacune 
des trois dents "d'electrode sont selectionnees pour 
procurer independamment des forces de reflexion 
et de transduction desirees pour chaque prise a I'in- 
terieur du transducteur. 

8. Transducteur ou dispositif selon la revendication 4, 
dans lequel les premiere et troisieme dents d'elec- 
trode ont une largeur egale a sensiblement 1/16 
d'une longueur d'onde acoustique et les deuxieme 
et quatrieme dents d'electrode ont une largeur ega- 
le a sensiblement 3/1 6 de la longueur d'onde, et les 
dents d'electrode adjacentes sont separees par un 
espace egal a sensiblement 1 /8 de la longueur d'on- 
de. 

9. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel les dents effilees sont generale- 
ment alignees le long de segments de ligne s'eten- 
dant radialement emanant d'un point focal commun 
pour former des electrodes effilees de facon lineai- 
re. 

10. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel les dents effilees sont generale- 
ment alignees le long de segments de ligne courbes 
pour former des electrodes effilees de facon sensi- 
blement hyperbolique. 

11. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel un taux d'effilement des dents 
d'electrode est stlectionne pour controler une for- 
me de bande passante et pour faire fonctionner le 
dispositif a ondes acoustiques de surface a I'inte- 
rieur d'une plage de frequences desiree. 

12. Transducteur ou dispositif selon la revendication 1 
ou 2, dans lequel le au moins un transducteur a on- 
des acoustiques de surface comprend une pluralite 
de sous-transducteurs, chacun de la pluralite des 



sous-transducteurs comportant des dents d'elec- 
trode interdigitees avec des dents d'electrode de 
barres bus de sous-transducteurs opposees, dans 
lequel un certain nombre de prises dans chacun de 
5 la pluralite de sous-transducteurs varie, la pluralite 
de sous-transducteurs etant electriquement con- 
nected pour assurer une ponderation de bloc serie 
du transducteur sur lequel une prise est prelevee. 

10 13. Transducteur ou dispositif selon la revendication 
12, comprenant de plus la pluralite de sous-trans- 
ducteurs positionnes symetriquement de chaque 
cote d'un jeu de dents de transducteur interdigitees. 

is 14. Transducteur ou dispositif selon la revendication 
1 2, comprenant de plus un jeu centralise de dents 
d'electrode interdigitees de transducteur et dans le- 
quel la pluralite de sous-transducteurs est distri- 
bute sur chaque cote du jeu de dents d'electrode 

20 de transducteur. 
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